Within the framework of an international project for the sequencing of the entire Bacillus subtilis genome, a 29 kb chromosome segment, which contains the hut operon (335") and the wapA gene, has been cloned and sequenced. This region (28954 bp) contains 21 complete ORFs and one partial one. The 5th, 6th and 17th genes correspond to hutH encoding histidase, hutP encoding the positive regulator for the hut operon and wapA encoding a precursor of three major wall-associated proteins, respectively. A homology search for their products deduced from the 21 complete ORFs revealed that nine of them exhibit significant homology to known proteins such as urocanase (Pseudomonas putida), a protein involved in clavulanic acid biosynthesis (Streptomyces griseus), amino acid permeases (lysine, Escherichia coli; histidine, Saccharomyces cerewisiae; and others), figlucoside-specif ic phosphotransferases (E. coli and Erwinia chrysanthemi) and 6-phospho-& glucosidases (E. coli and Erw. chrysanthemi). Based on the features of the determined sequence and the results of the homology search, as well as on genetic data and sequence of the hut genes reported by other groups, it is predicted that the B. subtilis hut operon may consist of the following six genes (6th-lst), the last of which is followed by a typical p-independent transcription terminator: hutP, hutH, EE57A (hutU) encoding urocanase, EE57B (hut0 encoding imidazolone-5-propionate hydrolase, EE57C (hutG) encoding formiminoglutamate hydrolase and EE57D (tentatively designated as hutM) possibly encoding histidine permease. Interestingly, the direction of transcription of these hut genes is opposite to that of the movement of the replication fork.
INTRODUCTION
Within the framework of an international project for the sequencing of the entire Bacilltls stlbtilis genome, we are responsible for the sequencing of an approximately 180 kb chromosomal region between sacs (333") and gnt (344").
Abbreviations: GP, translated protein sequence database from the NCBI-GenBank Nucleotide Sequence Database; SP, Swiss-Prot Protein Sequence Database.
The GSDB, DDBJ, EMBL and NCBl accession number for the nucleotide sequence (28954 bp) reported in this paper is D31856.
In our first communication on this project (Yoshida e t a/., 1994) we described our sequencing strategy and reported the sequencing and gene features of the 15 kb region containing the iol operon involved in myo-inositol utilization.
In this second communication we describe the sequencing and gene features of the 29 kb region containing the htrt operon involved in histidine utilization (Chasin & Magasanik, 1968; Kimhi & Magasanik, 1970 ; Oda e t a/,, 1988) and the w a p A gene encoding a precursor of three major wall-associated proteins (Foster, 1993) . We also predict a plausible primary structure for the htlt operon.
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METHODS
Bacterial strains, phages, plasmids and growth media. B. subtilis strain 1Al (Marburg 168; trpC2) was chosen as our target strain. Escherichia coli strains P2392, a P2 lysogen of strain LE392 [hsdR514(r, mi) supE44 supF58 lacy1 or A(lacIZY)6 galK2 galT22 metB 1 trpR54 , and XL1 -Blue (endA 1 hsdR 17(r, mi) supE44 thi-1 recA1 gyrA96 relAl A(lac) F'[proAB+ ladq lacZAM15 Tn IOTet']} were used as cloning hosts for 1 DASH I1 and M13mp19 phage clones, respectively. E. coli strain JM109 {recA 1 supE44 endA 1 hsdR 17 gryA96 relA 1 thi A(lac-proAB) F"traD36proAB' lacIq lacZAM151) was the host for the plasmids described below. Strain 1Al was obtained from the Bacillus Genetic Stock Center (Ohio) via M. Itaya (Mitsubishi Kasei Institute of Life Sciences, Tokyo), strain P2392, strain XL1-Blue and phage 1 DASH I1 were obtained from Stratagene and phage M13mp19 was obtained from Takara Shuzo.
Plasmids pBC275HE, pSOFT2 and pSOFTl1 were used for the preparation of DNA probes for hybridization. pBC275HE carries the 3' part of the hutH gene (Oda et al., 1988) , and pSOFT2 and pSOFTl1 are two of the Sflr linking clones located at 4017 and 4032 kb on the B. subtilis chromosome, respectively (Itaya & Tanaka, 1991) , and were supplied by M. Itaya. Plasmids pUCl.13HEY pUC1.7ES, pUCl.2EA and pUC0.55AS were subclones obtained using plasmid pUCl9, the inserts of which were derived from the unsequenced region (2.8 kb) upstream of the hut operon of the 8 kb insert of B. subtilis temperate phage 4105hutll (Oda et al., 1988) (Fig. 1) . Phage lysates and DNA were prepared as described previously (Oda et al., 1988) .
NZY broth and L-broth were used for growth of the E . coli strains to propagate phages 1 DASH I1 and M13mp19, respectively (Yoshida et al., 1994) ; the latter medium was also used for cultivation of plasmid-bearing strain JM109.
Cloning and sequencing of the 29 kb hut-wpaA region. A B. subtilis genomic library was prepared using 1 DASH I1 and screened by means of plaque hybridization as described previously (Yoshida e t al., 1994) to obtain i DASH I1 recombinant clones (EH2.75-1 and N1.8-3) containing the hclt and wapA genes, respectively.
To sequence the 5-7 kb region comprising two EcoRI fragments (1.3 and 4.4 kb) within the 6.4 kb insert of one L DASH I1 recombinant clone, EH2.75-1 , the EcoRI fragments were mixed and ligated, randomly fragmented with DNase I, and cloned into phage M13mp19 as described previously (Yoshida e t al., 1994) . The PCR products of inserts of phage M13mp19 recombinant clones (400-1000 bp in length) were sequenced with a DNA sequencer (373A; Applied Biosystems) using a Taq Dye Primer Cycle Sequencing Kit (Applied Biosystems). The compiled sequences were connected to form separate sequences of the two EcoRI fragments, which were aligned with reference to a physical map of the 6.4 kb insert. T o extend the sequence of the 5.7 kb region downstream of the hut operon, we employed inverse PCR (Triglia et al., 1988) as follows. As the 4.0 kb HindIII insert of plasmid pSOFTll was found to overlap the 5.7 kb region by approximately 3 kb (Fig. l) , 100 ng of chromosomal DNA was digested with HindIII and circularized with T4 DNA ligase at a DNA concentration of less than 2 pg ml-'. The inverse PCR product was sequenced as described above. The gap was filled by sequencing PCR products prepared using synthetic primers, as described previously (Yoshida et al., 1994) .
The insert (17 kb) of the other 1 DASH I1 recombinant clone (N1.8-3) was obtained as two NotI fragments (3 and 14 kb) (Fig.  1) . Each fragment was isolated, ligated separately, randomly fragmented and cloned into phage M13mp19 as described above. The PCR products of inserts of phage M13mp19 clones were sequenced, and the sequences were compiled and connected. Islands of connected sequences were ordered and the gaps were filled, as described previously (Yoshida et al., 1994) .
The 3 kb gap between the hut (8963 bp) and wapA (17060 bp) regions was filled as follows. The inserts of plasmids pUC1.13HEY pUCl.7ESY pUCl.2EA and pUC0.55AS (Fig. 1) were first sequenced using a Taq Dye Primer Cycle Sequencing Kit (Applied Biosystems) with each plasmid as the template. Several gaps between the resulting islands as well as that between the wapA region and the nearest island to it were filled as described above. 
Computer analysis.
RESULTS AND DISCUSSION
Cloning and physical mapping of the hut-wapA region T o clone the B. subtilis hut region, a B. subtilis genomic library constructed using II DASH I1 was screened with the DNA of plasmid pBC275HE (Oda e t al., 1988) as probe ( Fig. l) , the 2.75 kb insert of which contained the 3' half of the hutH gene (Oda e t al., 1988) . A recombinant clone, EH2.75-1, carrying a 6.4 kb insert with the above 2.75 kb segment and a S ' site, was isolated ( Fig. 1 ).
When the library was screened with the DNA of a J/n linking plasmid clone, pSOFT2, whose 5 ' ' site is located at 4017 bp on the B. subtilis chromosome (Itaya & Tanaka, 1991), as probe, a total of 15 positive recombinant clones were obtained. Of these, 10 carried a NotI site within their insert, which seemed to correspond to the NotI site at 4029 kb on the B. subtilis chromosome map (Itaya & Tanaka, 1991) . Since the direction from this site to hut is the same as that from S ' (4017 kb) to Not1 (4029 kb), the insert (17 kb) of recombinant clone N1.8-3, being the closest to hut, was used for sequencing. , 1988; Foster, 1993) are shown as meshed boxes. The two sequences of the hut and wapA regions (1-8963 and 11 895-28954) were connected by filling the gap region (8964-11894), as described in Methods. The locations of inserts of plasmid subclones used are indicated; pUC1.7ES (ES), pUC1.13HE (HE), pUC0.55AS (AS) and pUC1.2EA (EA). These were derived from the Sall-Hindlll fragment (2.8 kb) of the insert of clone #105hutl1. The Aval site between the inserts of plasmids pUC0.55AS and pUCl.2EA is also shown. Beneath the physical map, the deduced 21 complete ORFs and one partial one (N17L) found in the sequence of the region are indicated by thick arrows. The first six genes [hutP, hutH, E€57A, €€57B, EE57C and EE57DI are predicted to constitute the hut operon. The promoter of the hut operon (Phut) and a putative hut transcription terminator (Thut?) are also indicated. The N776 N17G and N77H genes correspond to the orfl, wapA and off3 genes described by Foster (1993), respectively. The direction of movement of the replication fork is indicated at the bottom of the figure. operon was inferred from the fact that the 2-75 kb insert and the Sfil site of the 6.4 kb insert are located between 4017 and 4032 kb, and at 4032 kb on the B. subtilis chromosome, respectively. The lower part of Fig. 1 shows the physical map of the 17 kb insert of the other il DASH I1 recombinant clone (N1.8-3) constructed by the method of Kohara et al. (1987) . The distance between the S ' and Not1 sites (4017 and 4029 kb) on the B. subtilis chromosome was calculated to be 12 kb (Itaya & Tanaka, 1991), but the actual distance is only 3.8 kb, indicating that the relative map locations of these sites in the hut-wapA region should be corrected.
Sequencing of the hut-wapA region
The sequence (3932 bp) containing the hutP and hutH genes has been reported (indicated as M20659 in Fig. 1 Fig. 1 ; Foster, 1993) was located in this insert. Therefore, sequencing of the flanking regions of the w a p A sequence was completed, and resulted in a 17 060 bp sequence. The w a p A sequence (8307 bp) was corrected by elimination of the first 7 bp which was derived from an EcoRI linker attached in the course of subcloning (S. G . Foster, personal communication) and by inserting another G in front of the G at nt 558 in his sequence (Foster, 1993) to create a S ' site (4017 kb on the chromosome map of Itaya & Tanaka, 1991). According to the locations of the regions sequenced above (Fig. l) , the size of the unsequenced region between the two 5 ' ' sites (4017 and 4032 kb) was estimated to be approximately 3 kb. However, we failed to obtain any il DASH I1 clone carrying this region. Thus, we filled this gap as described in Methods and obtained a 2931 bp sequence. Final connection of the three sequences (8963, 2931 and 17 060 bp) resulted in a 28 954 bp sequence for the hut-wapA region.
Genes found in the hut-wapA region and their features
Computer analysis of the 28954 bp sequence revealed 21 complete ORFs (EE57D, EE57C, EE57B, EE57A, hzctH, hzctP, J3A, J3B, J3C, 130, N17A, N17B, NI7C, N170, N I 7 E , N I 7 F , NI7G, N17H, N171, N17Jand N I7K) and one partial ORF ( N 17L) (Fig. 1) . Sequencing of hutP (ORFl) , hutH (ORF2), and part of the EE57A gene (ORF3) was reported previously by Oda e t al. (1988) . N I 7 F , N17G and N17H correspond to o r f l (partial ORF), w a p A and orf3, respectively, the sequencing of which was reported by Foster (1993) . The endpoints of these genes in the sequence and their features, such as molecular size, putative Shine-Dalgarno sequence and initiation codon, are shown in Table 1 . Seventeen of the 22 genes were predicted to use ATG as initiation codon, though EE57D and hutP, and EE57C, J3D and N17D might use G T G and TTG, respectively. This suggests that the genes in the hut-wapA region might utilize these initiation codons with a relative frequency similar to that reported recently by Glaser e t a/. (1993) and Ogasawara e t a/. (1994) . The direction of transcription of these 22 genes, except for the first six, is the same as that of the movement of the replication fork. This is often observed in regions located relatively close to the chromosome origin, like the hzct-wapA region (Zeigler & Dean, 1990; Yoshida e t al., 1994) . Interestingly, the first six genes were predicted to constitute the hut operon, as described below. As a prerequisite for deducing the functions of the newly found genes, we searched for homology of their deduced products with known protein sequences present in a non-redundant protein sequence database (Institute for Chemical Research, Kyoto University) made up of the PIR, SP and G P Protein Databases, using the FASTA program to obtain the FASTA optimized score (Pearson & Lipman, 1988 Kimhi & Magasanik, 1970) . Oda e t al. (1988) cloned the 5' region of the hut operon and determined its nucleotide sequence, demonstrating that the first gene is hutP encoding a positive regulator for this operon and the second is hutH encoding histidase. Transcription starts 32 bp upstream of hutP, to produce a polycistronic mRNA for these hut genes (Oda e t a/., 1988).
As shown in Fig. 1 , kutP and hutH are followed by four unidentified genes in the order hutP, hutH, EE57A, EE57B, EE57C and EE57D. EE57D was followed by a palindromic sequence (complementary to that of nt 320-358), considered to be part of a typical p-independent transcription terminator (Fig. 1) . We assume that the hut operon might comprise these six genes.
We discuss below the functions of the products of these six genes, based on their homology with known proteins (Table 2 ) and the genetic data of Magasanik and co-
The htlt-wapA region of the B. stlbtilis genome (Consevage & Phillips, 1990) and Streptomyes grisetls (Wu et al., 1992) , suggesting that histidase is highly conserved among evolutionarily diverse organisms. The EE57A protein showed very high homology to urocanase of P. ptltida (Fessenmaier et al., 1991) . The B. stlbtilis htltU gene encoding urocanase is genetically located next to the htltH gene in the order htltHUIG (Kimhi & Magasanik, 1970) . Therefore, EE57A most probably corresponds to hutU.
The EE57B protein showed high homology to a protein with unknown function of Streptomyes gordonii (GP accession number strscaa-6). Although no evidence was obtained in this homology search, this gene could be considered to be htltI encoding imidazolone-5-propionate hydrolase for the following reasons. The B. stlbtilis hutl gene is genetically located between htltU and htltG (Kimhi & Magasanik, 1970) . The EE57C product exhibited significant homology to the HutG protein, formiminoglutamate hydrolase, of Klebsiella pnetlmoniae (Schwacha & Bender, 1990) , implying that EE57C might be the hutG gene encoding this enzyme. This EE57C product also showed high levels of homology to a protein possibly involved in clavulanic acid biosynthesis in Streptomyces clavtlligerus (GP accession number stmclvacd-1) and the agmatinase of E. coli (Szumanski & Boyle, 1990) , implying that these enzymes might have evolved from a common ancestor and/or catalyse similar reactions. (Tanaka & Fink, 1985) and the $a-78d gene product, which was reported to be an amino acid permease of B. stlbtilis (Glaser et al., 1993) . These similarities suggest that this product is a member of the large family of amino acid permeases and is most probably the histidine permease of protein showed significant homology to endo-l,5-a-~-arabinase of Aspergillm niger (Flipphi et al., 1993 Steinmetz & Richter, 1994) and N77D genes independently. Their sequence was found to be identical to our sequence, except for six positions. The N17G protein (WapA) encoding a precursor of three major wall-associated proteins showed significant homology to the RhsD protein of E. coli (Sadosky e t al., 1991) , as reported by Foster (1993) .
